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Fermi Observatory

Large Area Telescope (LAT)
* High Energy Gamma Rays
* 20 MeV > E > ~300 GeV

Spacecraft

Gamma-Ray Burst Monitor
* GRB Detection.
* 10 KeV < E < 40 MeV
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Operational Modes

e Sky survey mode
— Standard operation mode
— View full sky every 2 orbits

e Targets of opportunity (ToO)
— Autonomous repoint (GRBs)
— Slew to keep ToO in FOV 1 Orbit 1 Your

— Later: ToO proposals . C

LAT: Wide Field of View ~2.4 sr

100 Sec 1 Day

Flux > 100 MeV ( phot cm?s)
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GBM: See almost all of the sky
not occulted by the earth




Angular resolution (68% cont. radius, degrees)
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Detector Performance
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Credit: NASA/DOE/Fermi/LAT Collaboration




2 year source catalog
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o No association o Possible association with SNR or PWN
< AGN * Pulsar A Globular cluster
* Starburst Gal ¢ PWN x HMB
+ Galaxy o SNR * Nova




2 year source catalog

glob. cluster
0.6 %

unass.
30.6 %

AGN
442 %
binary PSR?
02% 1.3%
PSR
4.4 % no gal. clusters
SNR/PWN no dwarf spheroidals
3.8 %
'I:G;\i/? galaxies
e 0.5%

® AGN @ galaxies @ AGN? @ SNR/PWN ® PSR
@® PSR? @ binary ® unass. glob. cluster




Particle Dark Matter: WIMPs
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How to find the dark matter

Id per annihilation
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IS the dark matter?

| Mpc
Springel et al. 2008




WIMP annihilation:Search Strategies

Galactic center: Good
atellites: Low bkgd, go statistics, source confusion/

source id, low statistics diffuse backgrounds Halo: Good statistics but

diffuse backgrounds

Spectral lines: Good sour

[Extragalactic: Good statistics, }
s
id, low statistics

diffuse bkgds and astrophysic

Galaxy clusters: Low
backgrounds but low statistics




Fermi Constraints on Lines from Galaxy

»Limits obtained in the energy range - e
30-200 GeV 500

» Search region b > 10 degrees and a
region right around the GC
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» 11 months of data

Counts / (1.42 GeV)
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» Obtained cross section upper limits of 100
order 1027 cm3 s
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Phys.Rev.Lett.104:091302,2010




Diffuse Emission
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p Dark-matter dominated

[Mateo ApJ 1993; Gilmore et al. ApJ 2007]
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Low mass stellar systems
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'Wal'ker','Ma’r'eo, et aI'. 20Q9

Number per bin

Evidence for
Dark Matter!
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Kinematics: More detailed look

» Model both the stellar and the dark matter distribution
« Statistics of stellar orbits (velocity anisotropy)
~ Assume hydrostatic equilibrium, determine mass

~ Warning!: acceptable solutions don't guarantee consistent
distribution function
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WIMPs in satellite galaxies

Strigari, Frenk, White, MNRAS 2010
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Best fitting dark matter distribution

18.6 18.8 19.0 1.92 194 19.6 19.8 20.0
Log | f(dark matter density)? dI (GeV2/ cmd)]




Fermi Source Modeling

Energy (MeV)

counts / bin
SN
(counts — model)/model
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Energy (MeV) Abdo et al., Astrophys.J. 712 (2010) 147-158
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SigmaV (e-25 cm~™3/ s)

Stacked Satellite Search

UL SigmaV b-bbar channel
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Segue 1: The Darkest Galaxy
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Gamma-ray limits: Seque 1
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MAGIC I I

MAGIC Coll. (2010)
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Projected limits

| lllllml I TTIH

lIIlIIlI | II_IIIII | lIIllI'I | IIlIII|I | |

10* 10° 10° 10’ 10°

DM Mass (MeV) Fig. Credits: S. Funk & J. Hinton




Future constraints
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Fermi-LAT detection of Local Group Galaxies

10° :
-~

—_— -~
g — NGC253 i
=2 ' 100 | _
a =
E .
kS| =}
L Z 10 k- i
3 =
© w
O =

£

3 :

SMC/’
”~
rd
0.1 -
0.01 0.1 1 10 100
-1
126 124 122 120 118 116 SFR (Msol yr')
Galactic longitude (deg)
counts deg®

-20 -10 0 10 20 30 40




Search for dark subhalos

» Idea: Search for objects that only shine because of dark matter
annihilation

» Some satellites could be within a few kpc of the Sun, and their
extension may be resolved by the LAT

p Search criteria:
» More than 20 degrees from Galactic plane
» No counterpart at other wavelengths
» Emission constant in time

» Spatially extended: 1 degree radial extension




Cosmological WIMPs

»Cross section limits derived from

measurement of power law
extragalactic spectrum

»Energy range of 20-100 GeV

» Some uncertainties due to the
distribution of dark matter

»Possible to exclude DM
interpretation of the Fermi,
Pamela electron spectrum
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Outlook

Search for WIMP dark matter is progressing rapidly
Galactic center analysis underway
Fermi dwarf limits getting very interesting.
Stacking analysis forthcoming
New satellites will be discovered

just 2 years in of a (hopefully) 10 year mission




